Tokamak plasmas, in low safety factor scenarios, are prone to magnetohydrodynamic (MHD) low m,n instabilities which may affect the energy and particle confinement time and possibly lead to disruptive plasma termination. In presently operating tokamaks high space resolution (∼ 2cm) and high time resolution (0.01 − 0.1ms) Electron Cyclotron Emission (ECE) diagnostics are embedded in the control loop finalized to MHD control, often in synergy with pick-up coils sensitive to the magnetic fluctuations. Microwave diagnostics have plasma-facing components that are electrically passive, have metal body and are mechanically fixed. Such characteristics of robustness and reliability are promising features but it has not been proved yet that the ECE diagnostic performances are good enough for this task in the DEMO reactor. Moreover, the same kind of solution used today plant might be beyond reach in a fusion power, given the much higher neutron fluence (15 − 20 times of ITER) which makes unlikely the regular operation of detectors close to the vessel wall like pick-up coils. One specific task that the ECE diagnostics should accomplish in DEMO is then the prompt detection of Neoclassical Tearing Modes without the auxiliary detection capabilities of fast magnetic diagnostics. An assessment of this capability can be performed simulating the ECE temperature signals [1] associated with NTM perturbation [2] and then processing them with a detection algorithm [3] without using any other diagnostic signal, also taking into account noise sources. The results of such assessment referred to the EU-DEMO1-2015 scenario is reported in this paper, showing that extraordinary mode ECE in 2 nd harmonics seems to have enough space resolution in the region interested by 3/2 and 2/1 NTMs.
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Introduction
Microwave diagnostics have plasma facing components (antennas) that are electrically passive, have metal body and are mechanically fixed. Such characteristics of robustness and reliability are a promising feature but the 5 diagnostic performances in term of achievable space resolution and profile coverage in the high temperature and density conditions of the DEMO reactor need to be assessed. In presently operating tokamaks high space resolution (∼ 1cm, which is ∼ 0.01 * minor radius) and high NTM island must be detected when it is only few cm wide and its localization must be precise enough to obtain ac-20 curacy comparable with to the island size. An optimized Detection Algorithm (DA) is mandatory. To evaluate the performance of the DAs a simulation tool, like [2] , has been developed and presented in section 2. The DAs considering in this analysis are described in the section 3.
25
The main results of performance evaluation, referred to the EU-DEMO1-2015 scenario, are reported the main results in section 4.
Simulation Tool
The simulation tool has been realized in the graphic en-
30
vironment Matlab/Simulink. In the figure 1 is shown a simplified diagram of the numerical scheme, it has been composed by three main blocks: first block compute to the island grow time evolution; second block is used to compute (off-line) the 3D map of the temperature pertur-35 bation relative to island presence; third block is devoted to compute the time dependent EC emission relative to is-land evolution. A brief description of main characteristics of three blocks are reported below.
Island Width and Phase Model
Detection System Unperturbed profile and mag. equil.
T e (ρ) The time evolution of the island is evaluated using a set of 2 equations for the mode width (Generalized Rutherford Equation, G.R.E.) and for the mode frequency ( [4] and reference within). The G.R.E. includes terms not depending on the mode frequency (linked to the mode stability pa-45 rameter, to the bootstrap current and to the stabilizing effect of the field curvature), terms depending on the frequency (related to the ion polarization current and to the effect of the resistive wall) and terms depending on the injected external power (EC heating and current drive, not 50 used in our case). The mode frequency equation includes the effect of three torques: the electromagnetic braking torque due to the eddy currents, the viscous torque with anomalous viscosity and the inertial braking torque due to the growing momentum of inertia. 
Magnetic and Temperature perturbation
In presence of a magnetic island the magnetic equilibrium loses its axis symmetry and it assumes a 3-d configuration, depending on the three coordinates: minor radius, poloidal and toroidal angles. A simple model for 60 such 3-d magnetic perturbation has been assumed in [5] . This model has been used for the first time in [2] for the evaluation of the asymmetric perturbation of the electron temperature across the rational surface, and its impact on NTMs detection with ECE.
The ECE spectra in presence of a helicoidal temperature perturbation at a given rational surface (q=2) has been modelled with the SPECE code [1] , for a set of island sizes spanning the whole range between zero-sized island and full-size saturated island and different phases ξ 0 , i.e.
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angular positions, of the island. The resulting data set, which describes the perturbed temperature profiles corresponding to a set of island sizes and phases has been used by detection system.
Detection system
75
The detection system combine the static results of SPECE with the dynamic data of island evolution to calculate the ECE signals as function of time. Moreover the detection system add two Gaussian white noises on each ECE channel. The first one is the Thermal Noise (∆T n ), 80 where its amplitude is related to the radiometer video bandwidth (B v ), the intermediate frequency bandwidth (B IF ) and the mean temperature of each ECE channel. The second one is the Instrumental Noise (∆T i ), which takes into account the noises introduced by the transmis-85 sion line and by the radiometer electronic components [6] . The resulting signals (with noise), mimicking the typical output of a multichannel radiometer, are used as input for the detection algorithm.
Detection Algorithms
90
The algorithm by Berrino et al. [3] , that use only ECE signals, has been used for island location detection. Using the correlation between adjacent frequency channels, it detects the oscillation phase jump on the temperature signal on opposite sides of the rational flux surface.
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With this algorithm when two ECE channels are partially/completely located in a region at constant temperature the detection capability of the algorithm decreases. This can be happen for large island width or when one of the ECE channels is locate too near the center of island.
100
Introducing a new type of correlation, an Enhanced Detection Algorithm has been realized to overcome these potential problems. As mentioned previously the Berrino Detection Algorithm calculates the correlation between two adjacent channels, otherwise the new algorithm also takes 105 account of correlation information between non-adjacent channels, as reported in the formula below:
for i = 2, . . . , N ECE − 2, where δT is normalized temperature oscillation and c(·, ·) is simple correlation between two channels. 
Results
The two algorithms have been tested on DEMO1 scenario [7] at O-mode and X-mode frequencies for signals collected through the equatorial line of sight. The chosen parameters for the detection system simulation are 115 B IF = 500M Hz, B v = 2kHz, 1/τ samp = 2B v = 4kHz, ∆T i = 8.3eV and ∆T n = T / B IF * τ samp . In this conditions the total noise level at q = 2 location is ≈ 21eV . The radiometer frequencies and island location are reported in table 1.
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In figure 2 a comparison, at O-mode frequencies, between the correlations is shown, where the 4 th ECE channel frequency is very close to island center. The main effect of the EDA is the correlation signal amplification near the island position, that result in a better detection accuracy.
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Figures 3 and 4 show the output of the identification algorithm and the respectively accuracy, as seen through
127.9 256.5 Table 1 : Multichannel radiometer characteristic and island frequency location 
Conclusions
To test detection algorithm a Simulink/Spece simulation tool has been realized and the evaluation of the diagnostic capability of ECE in DEMO1 scenario has been performed.
The detection's limits of algorithm by Berrino [3] had 160 been shown and an enhanced detection algorithm has been proposed and tested on OM1 and XM2. On OM1 range of frequency, the new algorithm is faster than the old one and has better accuracy, but is not suitable for control yet. For both algorithms the XM2 range of frequency is suitable 165 for NTM fast and accurate identification using an antenna mounted close to the equatorial plane. The evaluations performed confirm the ECE diagnostic potential for NTM control purposes. The considerations here reported apply to the plasma scenario described in [7] .
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